1. Introduction
===============

The 23-valent pneumococcal polysaccharide vaccine (PPV23) prevents invasive pneumococcal diseases and reduces mortality among older adults.^\[[@R1]--[@R3]\]^ Older adults are thus advised to receive the PPV23 according to the recommendations of the US Advisory Committees on Immunization Practices.^\[[@R4],[@R5]\]^ In particular, lower respiratory tract infections, with *Streptococcus pneumoniae* as one of the leading pathogens, is a major cause of mortality among patients with chronic obstructive pulmonary disease (COPD).^\[[@R6],[@R7]\]^ Hence, all people with COPD are highly recommended to receive the pneumococcal vaccination, which provides protection against both lower respiratory tract infections and acute exacerbations of chronic pulmonary diseases.^\[[@R5],[@R8],[@R9]\]^

Before 2007, the overall pneumococcal vaccination rate was \<1% in Taiwan. However, since 2007, the PPV23 has been provided for free to older adults aged ≥75 years in Taiwan under financial support from a nongovernmental organization. Following the implementation of this national policy in Taiwan, the cumulative vaccination uptake rate of PPV23 (VrPPV23) among adults aged ≥75 years reached 12% in 2007 and 41% in 2008,^\[[@R9]\]^ but only 29.5% in 2015.^\[[@R10]\]^ The reason for this decline in vaccination uptake rate remains uncertain. Studies comprehensively examining the factors associated with the VrPPV23 among older adults are lacking and are urgently needed.

This study analyzed data from the Healthy Aging Longitudinal Study in Taiwan (HALST) cohort. We investigated the VrPPV23 after the implementation of the PPV23 national vaccination policy and identified factors associated with the PPV23 uptake status.

2. Materials and methods
========================

This study was approved by the Institutional Review Board of the National Health Research Institutes and its participating hospitals. The study design and participants of the HALST have been previously described.^\[[@R11]\]^ Between 2009 and 2013, 5664 community-dwelling HALST participants aged ≥ 55 years were enrolled from multiple catchment areas across Taiwan using a stratified randomized sampling method. Among these initial enrollees, 4188 were excluded because they were \<75 years old, and 1 was excluded because of incomplete data. The final study sample consisted of 1475 HALST participants aged ≥75 years.

During the examination, participants were asked whether they had ever received a pneumococcal polysaccharide vaccine. For each enrolled participant, information on sociodemographic status, lifestyle, and diseases was also collected.^\[[@R11]\]^ The health status of each participant was further determined by assessing physical and cognitive functioning using the Barthel Index, Lawton Instrumental Activities of Daily Living Scale (IADL), and Mini-Mental State Examination.^\[[@R11]--[@R13]\]^ In addition, each participant underwent a peak expiratory flow (PEF) assessment, which is a simple and cost-effective screening test for pulmonary functioning that indicates cases of COPD among adults aged \>40 years.^\[[@R14]\]^ The PEF status of the study participants was interpreted and categorized according to Nunn\'s equation.^\[[@R15]\]^

All continuous data were expressed as mean ± standard deviation, and all categorical data were expressed as numbers and percentages. The categorical variables were compared using a χ^2^ test or Fisher\'s exact test, and a 1-way analysis of the variance was applied for the continuous variables. Independent associations of each sociodemographic or health-related variable with PPV23 receipt were examined using multinomial logistic regression analyses. The variables significantly associated with the PPV23 receipt in the univariate analysis were included in the multinomial logistic regression analysis in a stepwise manner. The SPSS V.18.0 (SPSS, Chicago, IL) software package was employed for data analysis in this study and statistical significance (α) was set at .05.

3. Results
==========

Three hundred and five (305/1475, 20.7%) participants reported receiving the PPV23. The univariate analysis revealed that older adults who did not receive the PPV23 were more likely to be women (*P* \<.001), less educated (*P* \<.001), less physically active (*P* \<.001), current smokers (*P* = .017), or to have impaired cognitive functioning (*P* \<.001), an IADL disability (*P* \<.001), or a low PEF (*P* = .004) (Table [1](#T1){ref-type="table"}).

###### 

Participant characteristics according to 23-valent pneumococcal polysaccharide vaccine uptake status^∗^.
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We performed multinomial logistic regression analysis that included gender, education, smoking, alcohol consumption, exercise, heart disease, cognitive impairment, IADL disability, and PEF. After adjustment, older adults who were women (OR of PPV23 nonreceipt = 1.89, 95% CI 1.34--2.65, *P* \<.001), current smokers (OR comparing current smokers with nonsmokers = 2.07, 95% CI 1.20--3.56, *P* = .009), or had low PEF (OR = 1.51, 95% CI 1.03--2.22, *P* = .036) were less likely to receive the PPV23 (Table [2](#T2){ref-type="table"}).

###### 

Multivariate analysis of factors associated with 23-valent pneumococcal polysaccharide vaccine nonreceipt.
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A total of 1187 individuals had a low PEF. Among these participants, the VrPPV23 was 20.2% (240/1187). Factors negatively associated with receipt of the PPV23 in participants with low PEF were low education (OR comparing illiteracy with senior high school and above = 4.05, 95% CI 2.48--6.62, *P* \<.001) and physical inactivity (OR = 1.69, 95% CI 1.19--2.40, *P* = .004) (Table [2](#T2){ref-type="table"}).

4. Discussion
=============

This was the first epidemiological study to identify factors associated with the VrPPV23 in a large cohort of community-dwelling older adults in Taiwan. We demonstrated that 20.7% of the enrolled participants had received the PPV23. Notably, participants who were females, were current smokers, and had low PEF were associated with PPV23 nonreceipt. Additionally, among those with a low PEF, 2 other factors were associated with nonreceipt of PPV23, namely low education status and physical inactivity. The low VrPPV23 among older adults observed in this study is similar to previous studies.^\[[@R3],[@R16],[@R17]\]^ Although the PPV23 has been globally recommended for many years, a large disparity in VrPPV23 exists among various countries.^\[[@R16],[@R18]--[@R22]\]^ In addition to the low VrPPV23 (20.7%) in older adults, we observed that those strongly recommended to receive the PPV23 were actually less likely to receive the vaccine.^\[[@R3],[@R4]\]^ Older adults most likely to receive the PPV23 tended to be men or patients with heart disease. We identified the specific groups of older adults who were less likely to receive the PPV23: women, current smokers, and those with a low PEF. Women, most of whom are busy to handle housework, suspected to be less likely to receive PPV23. Notably, we observed that smoking was negatively associated with PPV23 receipt. Current smokers were significantly less likely to receive PPV23 than nonsmokers. Our finding is in agreement with previous studies showing the associations of unhealthy lifestyles, including active smoking, with not receiving PPV23.^\[[@R23],[@R24]\]^ These evidences lend support to public health interventions targeting at older adults who were smokers.^\[[@R25]\]^ Although pneumococcal vaccines are highly recommended for individuals with chronic pulmonary diseases,^\[[@R5],[@R8],[@R9]\]^ we found that participants with low PEF, indicating COPD,^\[[@R14]\]^ were unlikely to receive PPV23. The VrPPV23 among people aged ≥75 years with a low PEF was only 20.2%. Our results indicate that a national vaccination policy for PPV23 administration that targets older chronic pulmonary diseases patients specifically is of high priority. In this study, factors associated with PPV23 nonreceipt among these particularly vulnerable older adults were further examined. We observed that older adults with a low PEF who were less educated or who were physically inactive were less likely to receive the PPV23. Less educated participants might have limited knowledge of PPV23\'s health benefit, thereby less likely to receive PPV23. In addition, Chowdhury et al reported older adults were less likely to receive vaccination, and was attributed to various health-risk behaviors, including physical activity.^\[[@R26]\]^

This study had several limitations. First, because this was a cross-sectional study, a causal relationship between VrPPV23 and the participants' characteristics could not be determined. Second, data regarding PPV23 receipt were collected through self-reports, which raise concerns of internal validity and recall bias, particularly in older adults. Third, findings from the HALST cohort may not be generalizable to the general population in Taiwan. Fourth, the VrPPV23 observed in this cohort might have been overestimated.^\[[@R10]\]^ Fifth, PEF, a practical screening test for pulmonary functioning, was used in this study, yielding results that may have direct public health implications.^\[[@R14],[@R27]\]^ However, a more detailed and accurate assessment of pulmonary functioning would be required to clarify the observed relationship between PPV23 receipt and PEF. And, residual confounding by subclinical diseases (e.g., lung disease) was possible. Finally, the variability of PPV23 effectiveness in different groups of older people needed further investigated,^\[[@R28]\]^ but the pneumococcal vaccination program is highly recommended.^\[[@R4],[@R5],[@R8],[@R9]\]^

In conclusion, after the implementation of the free pneumococcal vaccination policy, a VrPPV23 of 20.7% was observed in HALST. Older adults who were women, current smokers, or who had a low PEF were less likely to receive the PPV23. Additionally, older adults with a low PEF who were less educated or who were physically inactive were particularly less likely to receive the PPV23. Therefore, these population groups should be the primary targets of public health efforts to promote pneumococcal vaccination. Together with the known influencing determinants, including financial or health service delivery factors, our results may provide a basis for developing vaccination policy models that achieve and maintain a high uptake of pneumococcal vaccination. Further research is warranted.
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